Internally generated reduced nicotinamide adenine dinucleotide was the most efficient substrate for glycine transport by membrane vesicles of Paracoccus denitrificans.
Oxidative processes provide one source of energy that enables bacteria to drive the active transport of amino acids (2) . It has been observed in membrane vesicles prepared from a variety of bacterial species, however, that substrates which are most readily oxidized are not necessarily the best substrates for amino acid transport (2, 3, 4, 6) . In Escherichia coli vesicles, for example, exogenous reduced nicotinamide adenine dinucleotide (NADH) is the most efficient substrate for oxygen utilization but is a very poor substrate for amino acid transport (2) . It has been reported, however, that if NADH is generated inside E. coli vesicles, it serves as a very efficient substrate for stimulating amino acid transport (1).
We have previously reported that vesicles prepared from Paracoccus denitrificans can oxidize a variety of substrates via a membranebound electron transport chain (6) . The most readily oxidized substrate was NADH followed in decreasing order by succinate, formate, Dand L-a-hydroxybutyrate, and -and L-lactate (6) . These vesicles also contain amino acid transport systems that are closely linked to the electron transport chain (6, 7) . The most efficient substrate for stimulating amino acid transport was -lactate, followed in order by Llactate, fonnate, succinate, and NADH (7). Inhibitor studies using these vesicles indicate that the various dehydrogenases may be able to accept electrons only from substrates inside or outside the cell depending on their orientation within the membrane (6) .
In this study we have compared the ability of two P. denitrificans membrane vesicle preparations to transport glycine. One preparation designated nicotinamide adenine dinucleotidealcohol dehydrogenase (NAD-ADH) vesicles, contained nicotinamide adenine dinucleotide oxidoreductase (alcohol dehydrogenase, EC 1.1.1.1) and NAD. Endogenous NADH was generated upon the addition of ethanol (1) . The other preparation, designated control vesicles, was identical except that it did not contain ADH and NAD. P. denitrificans, formerly Micrococcus denitrificans (ATCC 13543) was grown at 300C on a rotary shaker in a medium containing 55.5 mM glucose as carbon source and 0.5% (wt/vol) vitamin-free Casamino Acids (5). The bacteria were harvested and treated with lysozyme as previously reported (6) . Osmotically sensitive NAD-ADH vesicles were prepared according to the method of Futai (1) . Control vesicles were prepared in exactly the same manner except ADH and NAD were omitted.
Assays were performed in 50 mM potassium phosphate buffer (pH 6.8) at 3000. The inhibitors carbonylcyanide-m-chlorophenylhydrazone and 2,4-dinitrophenol were dissolved in dimethyl sulfoxide (Me2SO4). The final concentration of Me2SO4 in assays did not exceed 1% (vol/vol), an amount not inhibitory to the assay system (6) . All other inhibitors were dissolved in distilled and deionized water.
Uptake of [14C]glycine was measured in a total volume of two ml using 100-,ul portions of the appropriate vesicle suspension. Immediately after addition of oxidizable substrate, [14C]glycine (specific activity, 0.23 ,Ci/,umol) was added. The reaction was stopped after 5 min by diluting with 2 ml of 50 mM potassium phosphate buffer (pH 6.8) and rapidly pouring the entire reaction mixture through a 25-mm diameter membrane filter (0.45-,um pore size, Millipore Corp.). Reaction tubes were washed with an additional 2 ml of the buffer which was immediately filtered. After drying, filters were counted in a liquid scintillation spectrometer. Correction for glycine absorbed to the membrane surface and filter was made by subtracting the zero-time values from the sample values. Table 1 illustrates the rates of glycine transport in both control and NAD-ADH vesicles using various substrates. In NAD-ADH vesicles, NADH generated internally upon addition of ethanol resulted in a 300-fold increase in the rate of glycine transport when compared to the endogenous rate; NADH supplied exogenously did not stimulate glycine transport in either NAD-ADH or control vesicles even though NADH is the substrate most readily oxidized by these vesicles (6) . Except for differences in magnitude, both vesicle systems displayed similar orders of efficiency when other substrates were used to stimulate glycine transport, i.e., L-lactate > D-lactate > succinate. The addition of ethanol had no effect on the rate of glycine transport by control vesicles using L-lactate as the substrate. Table 2 compares the effects of several electron transport inhibitors on glycine transport by NAD-ADH vesicles stimulated by L-lactate or ethanol. The inhibitors were somewhat more effective in blocking glycine transport in vesicles using NADH generated internally by the ethanol-NAD-ADH system than in vesicles using L-lactate. At the concentrations tested, KCN and amytal were less inhibitory than either 2,4-dinitrophenol or carbonylcyanide-mchlorophenylhydrazone.
In control vesicles prepared from P. denitrificans, exogenous NADH is the best substrate for oxygen utilization but is the poorest substrate for the stimulation of glycine uptake (6; and Table 1 ). The best substrate for glycine transport is L-lactate. In vesicles containing NAD and ADH, however, internally generated NADH surpasses L-lactate as a substrate for glycine transport (Table 1 ). This finding sug- Electron transport inhibitor studies (Table 2 ) suggest that the respiratory chain (or portion thereof) which powers transport with endogenous NADH electrons is either more sensitive to, or more accessible to, cyanide and amytal than the chain using electrons from L-lactate. The fact that 2,4-dinitrophenol or carbonylcyanide-m-chlorophenylhydrazone are effective inhibitors of glycine transport indicates that the amino acid transport-electron transport linkage is similar to the relationship between oxidative phosphorylation and the flow of electrons through the respiratory chain.
These results confirm previous reports (1) that internally generated NADH is an efficient substrate for active transport of glycine into membrane vesicles. There may be at least two ways that electrons from NADH can enter the electron transport system: from the outside of the cell, resulting in oxygen utilization, and from the cell's interior, resulting in active transport. Previous studies (6) 
